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PROBLEM TO BE SOLVED: To inspect tunnel oxide films used for a nonvolatile memory, such 
as the EEPROM, etc., with good accuracy by chip units.SOLUTION: Tunnel oxide film evaluating 
patterns 5 which are equivalent to an actually used memory cell are respectively put in chips, and 
pads 3 and 4 are respectively attached to the gate and diffused layer of each pattern 5, so that 
the state of each tunnel oxide film can be monitored. Therefore, the thickness of each tunnel 
oxide film can be estimated, and film quality can be confirmed by checking the generated voltage 
and the time until the oxide film is broken by making a constant current to flow to the pattern 5. 



(mnmmif a p) 02) & |fj 4£ §^ & ^ (a) 



#H¥H -126815 

(43)&Bfl0 ¥fiEll¥(1999) 5^110 



(51)Inta 6 
H01L 21/66 

G11C 16/06 
29/00 

H0 1L 27/115 



6 7 3 



FI 

H0 1L 21/66 W 

Q 

G11C 29/00 6 7 3Z 

17/00 6 3 1 

H0 1L 27/10 43 4 

*3fofc 8S*«©»8 OL <£ 10 M) SCHICK < 



(21)ffiK#*f 


ftgmO-155850 


tfDffiBA 


000005049 








Mr- ?tfc££& 


(22)fflgtB 


¥/£KMp (1998)6^4 0 




*K^RmRfg»K£feBr22#22^ 












«K¥9-225333 




*ISfir*Erm<&j?KfiftBr22#22^ v 


(32)«jfcB 


¥9 (1997)8^210 






(33)«JfetS^SB 


B* (JP) 


(74)ftgA 





(54) is&wozffi &*&)&TXh?zttmfmjm 



(57) [gft] 

Sid (cy- hStflfctWlKAV H 3 , 4 £ ft<t 




(2) 



1-1268 15 



imtm i ) h >*A4&m*Gi-& *mm* * y 

m** * y -fe^o h y^nwmmn x o*£ vv: t £ 
ft®, t -$-2>m%m i tm^mt^ ^ y . 
[fs^ia 3 ) it «jg i stKoroBitt* % y «sflsffl 
> v-yicBf^sat atfc $ izmi-t&mm v int 
t, M^^y^sismEvppfctc^^^f (vp 
p. Vint) **ft*#ji£iB;i* r t *«afc -r*3Rs 

[ff!*Jg4 3 tVGNft* 1 . 

f (VPP.Vint)=VPP-Vint. Xtt. 

f (VPP,Vint)=VPP/Vint 

ffx% wniemo^w^e^^ycosfiiffflv^-y 
mm** y jfx ht-&^. 

f (VPP,Vint)=VPP-aX(VPP-Vint)- 
f (VPP,Vint)=VPP-aX(VPP/Vint)-b 
Wmtx* y Srrx h-f 

[fM?7 3 IB*«4e^oraS[f (VPP.Vint)t; 

go±iera& f < v p p , v i nt> izttf&fzm&w±.8em 
%x b vxwmix'hhfrm^rx b-t&^wk * 
mizzk -kmiLk t%m$MA wmtm m.* * y 

Zf-XbiSim-. 

ttnruyy&ZimLtzZkZVffiLk^h^yV*. 
[00013 

[00023 

[$*OftHi3 ^fl0fitt>qE y{±^WtT-^cD««8 
T , mjSSr 1JHT t f *«J#T* 6 k ^ d E 



StefHTfe 1 ), H&fflfCEEPROMklJftfh., V^f 

[000 3 3 4fc. *-Hfc¥»*S:rtKLfcIC*- 

t>Ofc#,L£>;h.T^£. EEPROMO^t y-b/H4l& 
[00043 TOWSftX* y OilHtti LT . 

MMUHtefc&«tefiP*-6. Mmnz&b>*;i>mmcr> 

mW.kWm.X-ht. HI 2tHR«arEE PROMOS 
tyfi^&Stt. ya-^jyfy—bWkvf 

r<07D-f^^-h (FG) «CfBr**8L «V.» 

Jis ilBfeS^ty yjyy-xt (mtr) cot^^fi 

(VTHM) (0^fl:S:fOfflLTV^. FGA.<o^j^|J 
(4, (CG) kFWy <D) <os 

tsmff ( h^yv-'x^. ^yfl|ji s 4arn-irx^ 
fl^T-gd tf-mmiztm 1 3 v~ 1 5 v > Srwtff 

3. CG-D|SIcomE€rVPPi:-rek. FG-D^co 
^EV F GteF G - C GBOSSC 1 1 FG — D|SK^ 
ftC2T-*44^ftH: (HRfoJ»7'jV^^i:^ 
tftlTV^ ) -CTWCiMJ-C* 4. 
VFG=VPPX (C1/(C1+C2) ) 

G^^wfinj^-^, 

[00051 3 (cC*miiSt4£ft]B («8 0 
A) ZM-oXffitoth. Z-<r>tdt>. : r~?<r)WfcX'>& 

mizii. mMz£^XWHm<pcr)b7v7Ztl&jE?g 
fitful . ZtoJEWMtzZiX F Giz&mt&mffilzm 

^^y-fe^ovTHM^s^a^ (onrsst 

[0006 3 -eo^m. T-^OISSiJ*>'T'^>3:<=5:4. 
HWC, ;OTTHM«iSVTHMO'>'f>'H'>Bk 



(3) 



tiffl^l 1-1 268 1 5 



t"tt>&. &tz. h>*)i$nmizvy*->u*?xm { 

[0007] 

xvjnmmmmvmm. mmnmzx^x^ 

X'thfrtfXJybThhtf. 80k±4k\Xr<r)\it, 

%tih . mzmmz^x^mzMimmiz^mx 
tiwhz&imizx-z zfrwmmx'h 'onntmm^^ 
(fmm&m) izx-ixmi. m<oby*A<®it 
®co$mjLUk®3£m&mi3iz7tf: h>* 
ti&iu&mvit-^mwma >y bomz b y*»mm 

h y *>i>mmmm>w-yx' b y*tm 

[0 0 0 8] Z\0)J:ottZ^ b y*JUmttM%£. 

-JMT\±X)V-7-, VZUf&tdtolZ^XJsZu*/ hg. 
(&\.Mt. &o«y Mi.fi) X''<v1-mm£-t&t:tb 

iz. %iz&m%mx$&?>h>*)imim$:'y<&zbiz 
s bibxmmxh o . h y*ju&imom&kftfrt>a 
wzitVj&Mi. mtffbz^tfx-xKz. mm 
Xoiz^ £mxnm&frt>it-fi\tzt><?>, mvizf&tf 

O y bfrt>-*y7)WxJ\£ik£JRiX. h>*AWt 

mm* bmfiiii-l.TfrTmfeimfrWi-rtLX 

[ooo9] {D.hh&.tMWyrtvx'uv bw%t 
htzMz, ttftavbbmmztiXt&Shtfig&lx 

(2) .ht>&*W)vyT)vx'uv vpmtzt&>\z. & 

(3) .A'.yfsagp. y h#tirc«t**fc*fc. ££g 
[00 10] C^i^c, a^t^p a nKLTL*a 

^m.'&x'hhT-fmm^ r—s>%mmmtz 
ffi&&£f?w.tz>*&tix. mkfrwmi%6 2-2 

7 6 8 7 9 ^miZTr^ilh £olz^ b ViMflHML 

m^vyizti^x, mmzmmtitiw&m^v vt 
ma b y^ivmimt mmizB&zhfzfflm&rth 

M I S \>y*)Vmim-fot&) **rrtis?*: 



X\^. LA>U Z\cr>M I S^^J^>^M<r>^im 
[0011] logli x hy^;H?^$rK«^^T' 

y*M8ftm?>±\z\i. 7 p-r < y rv— b t won 

mX'C0X*)l*-/ \* v H „ 7-{CJit ve-cr <£>. 2 
iS3t£#£ tzibUi b y *Jl&imJM<0<Xtz-f ? 

frjLWfiimx'hh. L*>t. nmw^ommxnx' 
it. b y*)\sm.\mjm*t>x ^;ngj-cc7n-f 

iimkxxn%t'<?)m!icr)xmffM\s>tzv>Th 

h. 

[0012] *mm±. wmc b y*)vmi\Mv>im 

#BE-f 4 fc izX ->x W&gE. v PPH7 TrtSPt'^ 

T'i^%&wftizmiz>zMm#>xmiX'b&. 

[0013] W&WKV P PA^V^t N r- ^^B#(; 

h>*/Pig{tJi(ci§fij^mExbu^>^o. by* 
< . mz . VjftBlR^iM i £ t . h y **«MUtft< 

^t-r&. z\oytzib. T>ux<wmx'?m$kT*bX' 
iwx-r&i)^ ■fimiztux'r-ftfm&zizft.^xmi 
ti t *miz%z > i%nttfiiix<&. 

[00 14] 

(i. by*>l-MimZ3}?2>^W%&**:VX'h^x. 

w.* * u <7>f - y rHzhr>x yu-r-fyyy-btm 
imomigt &®mi$b omiz b >*/mim/ffi& 
Zixtz b y*>vmm<r)mm>*9-y t . -e^fpflffffl 

^•^-y^±Ej^ffl^-en'fii(c^$^y\-.y K 

[0015] t^c. mmm8i>*?-y<r>b y**wfc 

MEB^S:^ ^& U -fc/KO h >*;HWt)HiBa[J: O^S' < -f 



(4) 



1-1 268 1 5 



y oswa^* - >w«s«ai es t # cat-*-* 

«EVintk, SE**y«>8S|lgEEVPPfctcratSRI 
» f ( V P P , Vint) S^raT$> £ . 

[0016] £fz. mM&iK f (VPP,Vint)=V 
PP-Vint. X\i. 1 (VP P.Vint) = VP P/Vint 

fc**cfeT#*u». 4*. msHRf (v 
p p , v i nt) fc*fj&ts r. ±ie^s^ttx * y co 

**C&Ti?4U\ 
[00 1 73 4fc. SiEHRtf. 
f (VPP,Vint)=VPP-aX(VPP-Vint)- 
b.Xte. f (VPP.Vint) = VPP-ax(VPP/ 
Vint)-b 

miz3jU,X'TX b?&ZkffX'ZX&£ L\>\ 

[0018] 4*. ±isra© 

f (VPP,Vint)=VPP-Vint v Xi±. f(VPP, 
Vint) = VPP/Vint 

W&±im%.f (VP p, Vint)£ft&t*€EEft*JhJB 

[0 0 1 9 3 4fc, Jt^iJJBWJWtx^ytf-^ 
h-Tl.^^ a y fc? A-^tcHtf 5*4 1&#>Ta ?v 

mtm. wmmzmoztm'th. 4*. ms# 
t^jsits^^y-t/^ffifflA-^-y^^-c^, 

4. 

[0020] 

[?ra^s3fecm<s] h i ii*mizavmmw 
-y0Mw.mx'hh. ni^EEPROM^^uyp 

2\tV4*XVr4 ^ffln^', 3, 4(3^'- 

-yzmgA-A' x'9)%\Ltzigi-&comimmwwm 

?$>&. 6. PS^'JnygflL 7. 8. 

io. hy*;HtftJL ii. 
v"Jny, 12. N+KBMP«L 13. o=ixBHfc« 



[0021 ] W^ty jfx h-T^H^coiHlS 

(1 ) h>^ng<t)g<7)igji 

(2) hy*/i/eBflgK>JRK 

02Jf@T'$>&. 

[0022] ( i ) mtiiz h y *)vmm<r>m-<r>m%. 

fcOWCJ***. MM®5&m3lZK-t. ZZV. 3. 
4. HMy«BE9ftfflAvM 

$w-e*4. 03^t«td(^ 3.4. racEssas 

*««U *4-^»}gfflSSia £{ft£-f6. .rot 
«»F3. 4. orf(c{±hy^pg?^<oJI$TD 

Ia(C^T4«EVfc hy^PggflJiJgTDcOK^^Il 

[0023] .lob y*A*fl«H«EV* h y*;H§ 
ftMtlflEVintfciift^ MiVWfcZbyfrVffit 

m®$mj±7-xht^x'^&. z<?>h>*)\,mfcmw 
intommm&i)mt>ti&. mstzby^imimiz^ 

VintOB8&£5rf. 14. tiW&tZt5lf&h>%fl>& 

tc, hy^i/mbJllnSBmEVint&a^tit^ by 
[oo24] mmzmmx-K-tt oro* o 
y-b;uo f y^ne^bigsiaj; t) t>*z%mmizLxt5 

>V~ )U?>m>bK\CL-*M XX-m.Lizt L1z%^ 1 u m 
To-bX^-^-CliljumXl/imJaTt^l.. w^H 

4^4^E^g^'S<!2:4. ta % TE(2) 

[0025]feLh,J:0^-y 7^>f X(=^#^ v ^gJS<7) 
mmcr, h y ^HSflj^HBth LT50x,tmX50// 
m hy^^fc^OBsS^KSrO. 0 2 A/ 

cn 2 t-ri,fc. 5 0/zmX5 0A£m(7)ffl«t^i|,f|^ 
l±^SS&gXlfi$=0. 5uAk%*)M^fcklXli 

o. -fAM^fiffgasr. 
by^mimmTD^ii^^^&x'. o. 5 
^ a mmm?-ytztii ixsmmrv t« t ria 5 

mzmiz. mmTDizm-hwsmETZb* 

[0026] ( 2 ) mz b y*>umm<7>m'mCDTX b 

izi^xm^z,. m6i,zxbux^.mmb *fcitj% 



(5) 



tSBU^l 1-1268 15 



m**t. ZZTXhUZZMfii ( lb ) b\i. MMt- 
x Kofcfttgi # ±if t>tiKffi8£3M<?)Z b £*g*. 
>t*K3. 4. mt&f&lT^hSMMla £lb £31 

•fiztizx*). b y^mno^&z y v x ? h-ri, 

[00 2 7] 1 07j@fflSSgE^#^^ lUKDg 
^SS:lmsi:-ri.fc. Ia £Jl8$L3rUO. 5juA 
<7)%m%X'li 1 0 0 0 0 0 El x 1 m s = 1 0 0 &b =5r 

•fZbl/1 001 O&Ttti. orfc. h>*H4Mk 

m<orx h m?u% < . w®m& v p p t h > 

3li££S£L*:m::SS£-tl>mffiVintli x fira?) J: 3 (c: 

[ o o 2 8 j h >-*^at{h)gco«^&^tt^^t m 
saemEv p p t h y*;H£ft!£^TD<offiWK«tt 

J2lTtf> <£ 3 3r«|ii]#J>.& . SSsSEV p p*^< . td 

[00291 ^mmm^-yv. b >*nwus» 
TDumm (Vint) izmn-tzztWT'Z. zomm 
m^-yiz^Mmm.im.itin3±v\ n tt. g& 
ffiv p p * cons- h y*i\s®mizfrfrz xhuxt 

LXfeM.miz%lt> & i t tfX'Z . £«>ii£Sipfc b y * 
[0030] 127 (CrtgPT-SJftmflEV P P£f|£-f 6*: 

fltjtiisrscf . isf - v yx'ittm&nmmw-ytf 
izx->x%&.m&t:m)L. mmKVDD^m^m 

;>jU ^^>%m.X'±-?-X'$h£o\,zLX}S<. Z 

tuzx*>x. mmns. v p p t h y*)i>mmmr d t 

AVPPBin(n0§$f£) = a> 
a, blirn «y hHi D*tf>6*i*fli» 

z\<m&$£®m-tz> ztx\ b ywimm&wzx 

1 CO A V P Pninf n mtfjfc&) £31 WnZC0#2 tZijk 

VPPain(int) = VPP-AV 



£*»u WFx-mwtzvpp tTDc?g i ft.x'&&& 
& t x'-mjEmxm%.com\, \* t y nmtses^ -rs 

[ 0 0 3 1 3 ^8 fc* h y?V^tli?TDT-<?>«g|s] 
^KStf 6 V P PninCO^fliS-^-r. £ - 

TliWWEVPPli-jgfcf 4. HRfcTDiWK* 
MfVPPminlijtu^ «ftfcff3h>iM«|flJfe& 
fctCiSVP Pining 7 hft (JgOffl^ ) 

mmmmyppx-^ mmmmzmzmmiM&v 

[ 0 0 3 2 ] HRfc V P P*^u t 5 s y ^ 

■HUB&McJ: 4 V P Pminco^ 7 < . 

t*>A>4 X b uxm&tf^ X < & t&X-h h . -t%h 
VPPi^^ai 2(?>by*;l>&i\mizfrfrhm. 
ffiVFG*^<^rO. £fzTD1>m^tVPP\i-%X- 
i>CltC2<D*y7>jy?'Ui'*lttjtm<. VFGtf 
M<%&. V F GA^v > fc h >^;H?flJi>\(7>ry 

«TD fcS&^ffiV P PC0£frXi%iZ>Zt mi?*. 
[0033] ffi&HEE(2V P Pm.Rit-^-th Z t 

x-mztmrnx-h*). TD{iBir^j;3tiHi5/^ 
-yiz^h bywrnimmsmEvintt^-?-- 1 

hZkX'^Zbt^mX'hh. -?-LT. VPP-Vin 

uz x ~>x y y^vmM^nx b vxnsjkim\zm 

feX'th. 128. @9^^SrS(c N by*)V®mi<z 
frfr%XbVXWzm%t&V ^PP-Vintfc by* 
>\>f&W&<7)'£QUZi.hVPP*mCr>i,7 hit ( AVPPn 
in) COm&ZTu-ybLtiiif&ZmiQtZin-t. ZZX' 
i±. SmUI^mEl, n® (m>n) O^-T'^LT^ 
4 . 0?^<OX h UXME ( * m VXIi * n V ) jfifrfrh 

t. ttm-zmm®®. (m@xi±nni) x-mimmm 

•th. xb\sXMEj) { * nVbiz^b. mm*i&®%. 

lin®b'J?%<%Z>. 

[ 0 0 3 4 3 SJ^tc J: 4^ t y <$tt*MttoV^T 

^WBMtR^ftti** < =Qr 0 A V P Pnint±*£ < % 
h, «^£nMgL^mOAVPPaintoV%T, g$ 

mmx'mmoT'Uxx'mi. ra^b^mr 

[00353 
(VPP-Vint)-f-b - (1) 
•t^EVP Pnin(int)T-^f-X bZt&Z b ?m&AZ 

»+^H©«fflwt«r x *> -tx bmmz%& . 

[0036) 



(6) 



tm^f-l 1-1 268 1 5 



= VPP-ax 
min*<A V P Pmin(n £tt±#-f S-T fc £ 

[0037] ore. h yjM^Utoa^uKWcov* 
■cweu m^-xhuxmE (mi orsrtvpp-v 

i nt= * n V ) £ X h UXUfftf * n V JilhT& 
Ulel^mlllt^o^^i. 5UO$8a,b£m|IJ 

VPPnin(int) = VPP-aX 
VP Pnin(int) = V P P - A V 

X'htmxw 

[0040] *Jt v TxbttTXf-izMmis. »>x 
axx hcftv^T^f-yr* eawtssiT-fl^-rs^ 

"0*ateftBHS&C*4e>T\ 4S3Xh<^yg^5ij« 

ttT-k > 7 y ^)fU^fr x h fcfcv v? ft =rx Y 
£&7JII]ffoTi\fccofc#LT. ^fifrttftrg* .Tit 

mm. wmzmmftxh ->x t> x w 

[004 1] 

>-?y-h%.mi>$tt>x , Rvomt^ft^. 

SftWrlHifraflrr hy*;PB£ifc!®8tt<9J: yjB&&-r 
xh£fird.rfc#T*£l>. ^xa 

f*JO£f- >y TWBMt £*VC H 6 £ fc *> . + y 7¥lJ5££ 
•tS <T fc . 9-?>-7VK'0 y h^Srff 3 
*§£fcit®LT J; <)imm%TXY-£?ro z kifiTZ & 
<r>X\ ^tz&SVmktZkZKt^jt^onm 

&<ofa±.zmhz\ktfx'Z&. 

[004 2] 4^ s *SttSf8rt?-yX'<DTD£fgEcM 
g'Uilifc. A->y KKftLfcS&^EVPPfcwilfct 
f S dfcTF y^l^^^x h l-XftSrfSm 



(VP P - Vint) - b - (2) 

u mftxt-uxns. (iaio-c**tvpp-vint= 

*mV> fXh^^J. 
[0038] jyjb^xX h-£f*£ . »7XA7* hfcjfijfl 

w±±§&mm®izmfeztizi>(r)X'\i%\,\ xw 

xmEfcLTI±VPP-Vint^{iA^ % VPP/Vint 

r i> x w i . v p pffmna+h t ma ivinwmu* 
<om&<om%.X'f>tuiX\,\ 

[0039] j*2fcOVYCfc, 



(VPP/Vint)-b 



(3) 



PPain(nlHl^f^ ... (4) 

r-xht. ffi$mftx h uxn&CDTX h Srtr5 ZkX' 

*yxjvmx'iEm:x * y tm.^x hmmizzz . 
±tz. zofxhrnummi-tzkizx-yx, mu\ 
h y*fr&iu^fmmitt<r)*x'*giz&%£ *) 

k?zt%< b.-om =e y <r>mm<r)fo±£ mi z k *<t- 

[ 0 0 4 3 ] m 1 1 I^WfX h^ffifc i &$ftS£ftft 

S^^fflt LT8{tt<7)tfailEVPP(Bin)~VPP 
(nax) ttJIttOh y*;l^fbM?TD (nin)-TD (nax) 

LTV^. ^fiU, TD{i01 3(c:5rf hy^/m-ftli 
IgT^T^xy^T D £ aT;PT«I^ t TOW 

ZtUzMt. «KCtt«ftteJ;4sWtc«(l«EVPP- 
T1iS«SF|gt ^5i?rfiat*««>S««f 25 0 rx hT'^ 
Ak»&t^*«Wfi5*. 4fc. **Aliftfti:L+ 

^t^Si OSrigfc -ti:*(c, VPP^£E^g^> 

&7a±x®mzMi&m&mmi<%$>xzm% 

[0044] L*»L, *%Dj-p(i, m&mEVPPRV 

mEVPP£rXhlX^2>cr)X\ ffl&A\t&ShkL 
X. «WCtt^A*k UTfJ^t^^. SftTjDii^ 
^*yflSttWxXhS:ffv\ ^oT^fc^S* O^s^l 
i: fc ^r< lfrhmmzmz&Mgkftl>miT£ h 

k\^**%m*jms>ti&. v-*7^t 
[iaaDO(s*^i8Hj] 



(7) 



tSBfH 1 ! 1-1 268 15 



isi ] *%miz&vmmm>-i?->0mw.m$:mt 
n. 

[03] h>*A*gyaBm%mMt:mm. 

[04 ] hy^mm^'t^M^i iznttmEv 

[0 5 ] h >*^ttflJBc8SrtTg«a[ 1 a fcfctfS K ^ 

[06] h^^/^tflgfcag-r^hpxsmcsib iza 

=FJlflW)»WE- K 5rS?t0. 
[07 ] *l£BMfi£H!^-|»f--y7-<Ofirji0. 
[08 ] S&IflliteftiSftlS^EV P Piiinfc <mm 

™tm (zwi ) . 

[09 ] #S»i:&t£*8SSffVP Paint 

^•t0 (^<7)2) . 

[010] ^hW-^mffiVPP-Vinttfiigaa^E 
<Dv7 hfiAVPPnini«DRH££7j^-|a„ 

[01 l] h>-*;P&tJ&J?TDx»amEVPPfLt 



[012] HBWfeEEPROM^tyBflSflBiH. 
[013] ft^h>*;HKl«0«aiSi:«3lE*S 

[014] #E0»fttfh5>5/*^^«e*ji?tH. 

1 rtSSEEPROM^t >J7*D/^ 

2 V -< < V?m> * y K 

3 y-h«EEOtaJfl/t?H- 

4 KM >ttffiffitaHl'<Cy K 

5 hy*;H»ftRWB«/V--> 

6 PH^'JaygJg 

7 mm 

9 KM vmffEft&Qffln", K* 

10 b>*ju&im 

12 N+mmm 

13 03XiHfc 

1 4 h **;HMfcB5T DOS W6oS 



[01] 




[02] 

f ? ? ton • I 



4 



12 



IT — V 4 



[04] 




i 



Vim 



Va3 
Va2 
Val 



V : 



(8) 



ftflH 1 ! 1-1 26815 






(9) 



ttflfl¥l 1-1 26815 



[011] 




[®1 2] [013] 




(10) 



tflSm 1-1 268 15 



(51) Int. CI. 6 

H0 1L 21/8247 
29/788 
29/792 



F I 

H01L 29/78 



371 



